Reasonable traffic signs are important for ensuring operation safety and efficiency of expressways. The overloaded information of the traffic signs and improper distance ahead of the signs present serious problems, for they may raise the driver's visual cognition burden, reduce expressway operation efficiency and cause potential safety hazards. This paper aims at developing design criteria of traffic sign information volume and reasonable AGS positions with regard to driving behavior and traffic safety. The relationship among driving behavior, traffic sign information and AGS positions has been studied based upon driving simulation tests in this paper. The information of traffic signs is processed and quantified with the method of information entropy under the framework of information theory. According to traffic flow theory and a mathematical model of vehicle lane change, AGS positions are analyzed and reasonable positions are recommended in relation to the operation conditions on multi-lane expressways. During the simulation tests, drivers aged 20-40 with 2-10 year driving experience were invited for the tests and asked to drive along the designed expressway scenes. The driver's visual behavior was monitored with an eye tracking system and data of driving behavior and the vehicle running tracks were also collected during the simulation tests. The relationship model between traffic sign information volume, AGS position and driving behavior parameters was developed as a result of further data mining, analysis and synthesis. Eventually, a multidimensional indicator of expressway sign information volume threshold has been proposed and reasonable AGS positions on multi-lane expressways are determined.
Introduction
As the most frequently used traffic engineering facility, traffic signs which convey clear visual information and direct routes to drivers with words, symbols and graphs, play an important role for ensuring traffic safety and transportation efficiency. However, with the rapid development of expressway construction and the increase of road network density, the information contained in traffic signs has been becoming more and more, that could result in information overload, impose great pressure on drivers and lead to hazardous driving behavior. Dingus (1989) proposed that when recognizing information on signs, drivers would decrease their visual fixation time to increase the frequency of their fixations. When traffic signs displayed excessive information, drivers had to look at signs several times to extract the information they needed, which would exert a negative effect on driving safety.
In the United States, MUTCD (2009) sets ceilings on the numbers of words on expressway traffic signs: the number of site or street names displayed on signposts and exit signs are limited to 2, and it is strongly recommended not to present the names of a city and a street on one traffic sign. If there are 2 or 3 signs on one stand, then the number of site names on each sign is limited to 1, or the total number of site names on the same stand is limited to 3.
The research has been carried out through field tests and laboratory tests on the visual recognition burden that the information volume of expressway signs imposed on drivers( The NCHRP 2003, United States). The information recognition time and driver's workload in real time was measured and an information load regression model of signs in real traffic environment on the basis of the test results had been developed.
The National Expressway Traffic Safety Administration of United States (2004) has looked into driver's visual fixation behavior while following vehicles and discovered distributional patterns of time and fixation points of drivers when they looked away from the roads ahead. During the driving process, a 1.6~2.0 s driver's fixation time on a specific object in general was recommended.
In order to explore the relation between information volume and traffic accident rate, A. Tyganov (2009) made a comparison using over 8000 traffic accidents and the information collected on the accident sites. He has classified the information into three categories which were Expressway with Geometric Features, Traffic Control and Traffic Environment, and permuted and combined the three categories of information. Then a field test was carried out on a designated urban expressway and the test result revealed that there was an optimal information volume for reducing accidents to the minimum.
Lin studied (2005) the correlation among recognition time and the number of site names and Chinese characters by using eye trackers to record subjects' ways of recognizing sign on slides. His research findings disclosed a relatively high correlation among them. It was recommended that number of street names was limited to 6 and that of Chinese characters to 33 based on his research. Huang (2008) built an Information Volume Model of Road Signs and a Chinese Character Size Model of Road Signs to explore the relation between sign information volume and cognition time with an integrated method of field tests and simulation tests. His research showed that the recommended number of street names on one traffic sign should be less than 6, and the relation between cognition time and number of Chinese characters was not obvious if the number of Chinese characters of each street name was less than 3. Du (2008 ), Wang (2009 ) and Liu (2012 , in a research on reasonable information volume for expressway traffic signs, also pointed out a fairly high correlation among information volume, driving speed, offset vehicles and vehicle acceleration. Taking driver's visual cognition safety into consideration, they suggested the information of names on an expressway traffic sign be limited to 5.
Arup Dutta , Donald L. Fisher , David A. Noyce (2004) applied driving simulator to study the VMS effectiveness and shown that there was a certain influence of sign message content and length on drivers' recognition.
Some deficiencies in information design of expressway traffic signs in China could be found after the review. The differences between driver's dynamic and static sights have not been taken into consideration because most current research employed indoor static simulation tests which were different from the real traffic environment. The threshold of sign information volume was solely determined by visual behavior (usually visual cognition time) without taking driver's other behavioral parameters into consideration although dynamic methods were employed in the tests.
Research contents and purposes

Calculation of sign information volume
Methods of calculating sign information volume can be classified into two types: one is based on the number of words, and the other on word implications. In the paper, the information entropy from the information theory was applied for processing the statistical analysis of the number of words on traffic signs and probing into pieces of information for a statistical analysis of word implications.
In 1948, Shannon put forward a formula on information volume in the field of telecommunication. Shannon pointed out that the information transmission process was a process from uncertainty to certainty. The information volume from sources of certainty was equal to that with decreased uncertainty (Equation 1).
(1)
Where: H(X) -information volume contained in a certain event, also known as information entropy, bit; X i -the i th signal in the event; P(X i ) -probability of occurrence of the i th signal; m -sum of all signals in the event. In regard to the source of traffic signs, each word, graph or symbol was a compositional part of traffic signs. For each subset, the probability of occurrence for all elements were not equal. To simplify the calculation, suppose the probability of occurrence was equal, then P(Xi)=1/m, and Equation 1 became:
This simplification was conservative, because the uncertainty in a random test was less than the uncertainty in an equal-probability test, i.e. the entropy of equal-probability was maximum (Equation 3).
(3)
The author classified the subsets into 7 types according to the information features on expressways traffic signs. As a result, the information volume contained in each element when it appeared with equal probability was explained in Table 1 where the information volume on a traffic sign was the sum of information volume from all subsets: Information was counted piece by piece to calculate the logical content in traffic signs. The compositional rules for a piece of information on the expressway traffic sign is shown in Table 2 . 
Position ahead
When approaching the exit, the driver perceived the last advance guide sign (LAGS) ahead at Visual Cognition Point A; then he drives by Start Reading Point B, End Reading Point C, and Vanishing Point D, and started to change the lane at Action Point E. The driver finished changing the lane at Completion Point F; then he entered the deceleration lane, and drove away from the expressway along the exit ramp as shown in Figure 1 above. In the phases mentioned above, the driver finished changing the lane and decelerating in phases E and F, which included getting ready for lane change, changing the lane and the distance of losing sight of signs. The distance ahead of this sign was an important parameter of safety.
Purposes
The correlation among information volume of signs, distance ahead of the exit signs and driving behavior werestudied in this paper to find out the threshold for sign information volume and the AGS distance ahead as required by operation safety and sign maintenance regulations and to provide quantified technical parameters for the information design of traffic signs on expressways.
Test methods
The research on information volume and distance ahead has been carried out mainly by means of driving simulation tests based on existing specifications. Driving simulation software was used in building expressway scenes and specifying driving tasks. Data of driving, drivers' driving behavior and visual features were collected with the software and eye tracking equipment which was used to made the analysis of the driver's recognition of the information volume and their driving behavior.
Test equipment
UC-Win/Road driving simulation platform is composed of the simulator and the software of UC-win/road Ver.7 and has been used to do the test. Eye movement data collection instrument is Dikablis eye tracking system developed by Ergoneers, a German company. The equipment is a head-mounted eye tracker equipped with an eye-camera and a field camera The eye-tracker aims at the subject's left eye to track eye features (pupil movement), and the field camera records views ahead to collect the scenes and any change within the view. Visual documents containing visual sense parameters reflecting driver's responses at the fixation points against views ahead can be obtained through a combination of the videos from the two cameras, and thus making it possible to achieve a precise description of the subject's eye movement on condition of accurate eye calibration.
Scenes for testing information volume of signs
The test was designed to simulate the process when a driver, who was unfamiliar with the route, was asked to find the target destination by driving along the planned route. The researchers set several entrances and asked the driver to drive into and out of target entrances along the given route to finish the test and arrived at the destination. The main route in this test was an expressway with the designed speed of 120 km/h. The expressway was a 33.7km-long, 6-lane two-way road with the lane of 3.75m in width and hard shoulder of 2.5m in width. The main route located in a lightly hilly area with its horizontal and vertical alignment up to the design code. The entrance ramps were set as unidirectional lanes with the designed speed of 60km/h. The lane was 3.5m in width, the curb strip was 0.5m in width, the left hard shoulder (including the curb strip) was 1m in width and the right hard shoulder (including the curb strip) was 2.5m in width. Design parameters compatible with the design speed of the main route were selected for speed-change lanes. A 200m-long direct unidirectional lane was designated for the deceleration lane in the divergence area, and a 300m-long unidirectional parallel lane for the acceleration lane in the convergence area. As to the traffic flow information, the test adopted a traffic volume overload under the second service level, because for the sake of this test, drivers were allowed to change lanes as they wished. Based upon a field survey of the real expressway, the unidirectional traffic volume of the main route was eventually set at 800pcu/h/ln, and vehicle types at 70% for compact cars, 20% for middle-sized cars and 10% for large vehicles.
The design was based on the signs collected in Shanxi Province according to existing criteria. The design parameters was set at the design speed of 120km/h and influence of font and size of signs on driver's visual cognition was reduced to minimum.
Scenes for testing distance ahead of signs
The test scene was an expressway where 4 interchanges came into view when the driving simulation test began. The simulator passed 4 interchanges (marked as Interchange A, Interchange B, Interchange C and Interchange D) following the traffic flow. According to the existing norms or theoretical derivations, the researchers determined the AGS distance and set different interchange scenes. The test parameters of 4 interchange scenes are listed in Table 3 . Traffic volume: 1200 pcu/h/ln; 60% of compact cars with an initial speed at 110km/h; 30% of medium-sized vehicles with an initial speed at 95km/h; 10% of large vehicles with an initial speed at 80 km/h
Drivers
For the information volume simulation test, eighteen drivers (15 males and 3 females) volunteered for this test. They all have normal (above 5.0) or correct-to-normal eyesight. The researchers conducted the test for 20 times and collected 16 effective samples. For the AGS position simulation test, the drivers were classified into two groups according to their driving experience: 1) 15 drivers with several years of driving experience; and 2) 10 new drivers with only a little of driving experience.
Data analyses and discussions
Data processing and indicator selection of information volume
The test data included the eye-movement data collected by eye tracking equipment which represented driver's visual behavior and the ones collected by driving simulation software represented the driving behavior of the driver and the vehicle.
Through screening and analysis, indicators were chosen for the analysis of information volume which included: mean offset distance, standard deviation of offset distance, time domain with negative acceleration, mean strength of pressing the accelerator, standard deviation of driving speed and visual cognition time. The test data are shown in the Figure 2 through Figure 7 . The time domain with negative acceleration was proposed and defined as being shown in Figure 8 .
In the process of driving, when encountered with complicated traffic signs, the driver would decelerate his driving speed to gain more time for recognizing signs. Therefore, a domain in which the acceleration was negative in an area under the influence of visual cognition was established based on this concept, and this domain was termed as "time domain with negative acceleration". Its calculation equation is detailed as equation (5). 
In this formula, A a -time domain with negative acceleration; t 1i -start point of i th negative acceleration; t 2i -end point of i th negative acceleration ; n -the number of negative acceleration; and a -(m/s 2 ). 
Determination of sign information volume threshold
The threshold determined based on driving features and visual cognition time The most commonly used K-mean clustering algorithm was applied to categorize the information volume into three types which were "un-overloaded", "slightly-overloaded" and "overloaded" respectively. The minimum information volume of the slightly-overloaded type of signs was taken as the information volume threshold. The clustering results of information entropy are shown in Table 4 . The results revealed that the maximum information volume for the "un-overloaded" type of signs was 153.95 bits, and the minimum information volume for the "slightly-overloaded" type of signs was 193.14 bits in contrast to a maximum of 326.87 bits for the same type; besides, the minimum information volume for the "overloaded" type was 339.93 bits. Accordingly, the threshold for information entropy was rounded to 194bits.
The clustering results of information number are shown in Table 5 . The results indicated that the maximum number of pieces of information for the "un-overloaded" type was 6, and the minimum number for the "slightly-overloaded" type was 7 in contrast to a maximum of 10 for the same type; in addition, the minimum information volume for the "overloaded" type was 11. Accordingly, the threshold for pieces of sign information was 7. The threshold determined based on correct rate of exit selection The correct rate of the target exit and the mean information volume of test data on corresponding exit signs is shown in Figure 9 .
The rate of correctly leaving the target exit was set at 90% of assurance level. Among the 3 exits with a correct rate of <90%, the mean minimum information volume was 245.73bits with 8.0 pieces of information, while among the 4 exits with a correct rate of was 236.02bits with 7 pieces of information. Based on the analysis, the information volume threshold should be 194bits and 7 pieces of information respectively at the level of ensuring 90% rate of leaving the Exit correctively. The proposition about the distances ahead of AGS According to the analysis of test data, it could be suggested that the distances ahead of AGS for 2-way 6-lane expressway should be 3 km, 2 km, 600 m and that for 2-way 8-lane highway are 3 km, 2 km and 800 m. These distances ahead of AGS are different from that specified in the design code of China (2 km, 1 km, 500 m).
Conclusion
The indicator of measuring information volume may be expressed by information entropy and the number of pieces of information.
The mean offset distance, standard deviation of offset distance, time domain with negative acceleration, mean strength of pressing an accelerator, standard deviation of driving speed and signs visual cognition time have significant positive relationship with the sign information volume so that it is scientific and feasible to set reasonable information volume criteria by adopting these indicators;
To ensure driving safety, it could be proposed in this paper that the information volume on expressway traffic signs should be limited to 194bits and no more than 7 pieces of information based upon the analysis of various indicators.
There is a close correlation between distance ahead of AGS and the action point of leaving the exit. And the distances ahead of AGS are suggested through bases on the relations.
